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TABLE OF ATTENUATION ERROR AS A FUNCTION 
OF VANE-ANGLE ERROR FOR ROTARY VANE ATTENUATORS 


Wilbur Larson 


The table of attenuation error as a function of vane-angle error 
gives the error in decibels caused by vane misalinement which is 
common in the rotary vane attenuator. The attenuation errors corres- 
ponding to vane-angle errors ranging from zero to 0.499° (in 
increments of 0.001°) are presented for selected angles over the range 
of attenuation values from 0.01 to 70 db. The table is divided into the 
following intervals of attenuation value increments: 0.01 - 0.1 dbin 
0.0l-db increments, 0.1 - 1.0 db in 0.1-db increments, 1 - 20 dbin 


l-db increments, and 20 - 70 db in 5-db increments. 


With the aid of this table, the calibration data of a rotary vane 
attenuator can be analyzed for numerous characteristics, including the 
following: misalinement between rotor and stator sections, realinement 


techniques, resettability, and backlash. 


1. INTRODUCTION 


The waveguide rotary vane attenuator, often used as an inter- 
laboratory standard, has a common systematic error which is 
caused by the incorrect alinement of the center vane of the attenuator 
relative to the end vanes. The vane-angle error and the correspond- 
ing deviation in attenuation from the dial setting can be determined 
from the calibration data and table 1. The average of the vane-angle 
errors determined at each measured dial setting is referred to as 


"average estimated vane-angle error." 
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This "average estimated 
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vane -angle error'' can be used to adjust the attenuator so that the dial 


reading will correspond more closely to the true value of attenuation. 


Table 1 gives the values of the error, e€, for a given value of 


attenuation (A = - 40 log,, cos 9) according to the relationship 


cos (9 + 0’) 


e = - 40 log, jaretar 


where 9 is the true vane angle and @’ is the angle of vane misaline- 
ment. Thus, the angle 6’ is the difference between the indicated vane 


angle and the correct vane angle. 


Table 1 is divided into the following intervals of attenuation value 
increments: 0.01 - 0.1 dbin 0.01l-db increments, 0.1 -1.0dbin 
QO. l-db increments, 1 - 20 db in l-db increments, and 20 - 70 dbin 
5-db increments. The corresponding vane-angle error is given for 
each 0.001° from zero to + 0.499°. The intervals are sufficiently 


small so that linear interpolation can be used. 


Errors in setting made by the operator may be included. In this 


case the error, as shown by Larson (1962), becomes 


cos(O, +O, + Ory) 


= 40 log,, ——___—___ 


€ 
fi cos 0. 


fl 


rotational alinement of the vane angle, and 05, is the vane-angle 


where 0, is the vane angle at the final setting, 9. is the error in 


error made by the operator. 
2. VANE-ANGLE ERROR 


Misalinement in the center section of the rotary vane attenuator 
causes a vane-angle error which is correlated to the deviation in 
decibels of the attenuator dial reading from the measured value. The 
deviation at each setting can be converted to vane-angle error with 


the aid of table 1. To determine the vane-angle error of. the attenu- 
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ator, consider the measured values of attenuation and the deviation 
at each dial setting. The procedure is illustrated by the following 


example with the aid of table 1. 


The calculated data for this example is summarized in figure l. 
The dial setting in decibels is given in column one. In column two, the 
measured values for each setting of the dial are listed, and column 
three gives the dial error in decibels. The dial error in decibels is 
determined for each dial setting by determining the difference between 
the dial setting in decibels and the measured value of attenuation. The 
measured value of attenuation at the 10-db dial setting is 9.954 db, and 
the dial error shown in column three of figure 1 is 0.046 db. The 
error in decibels listed in column three is converted to estimated 
vane-angle error in degrees for each dial setting by using table 1 and 
is recorded in column four. At the 10-db value of attenuation, a 
deviation in attenuation of 0.046 is found in row eleven, column four 
of table 1, page 911. Thus, the estimated vane-angle error is approxi- 
mately - 0. 103° at the 10-db dial setting. The average for the estimated 
vane -angle errors for all measurements on the attenuator is shown at 
the bottom of column four. Column five gives the deviation from the 
average for the estimated vane-angle errors in degrees. For those 
values of estimated vane-angle error greater than the average, the 
deviation listed in column five is preceeded by a minus sign; for those 
values of estimated vane-angle error less than the average, the 


deviation listed in column five is preceeded bya plus sign. The error 


1 To be theoretically correct, the calibrated attenuation value should 
be used rather than the indicated value. Usually the error involved 
would be small and can be ignored. For greater accuracy the 
measurements may be repeated after adjustment, or interpolation may 
be used, or the calibrated values could be arranged to fall on values 


in the table. 
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in decibels with the average estimated vane-angle correction applied 
is given in column six. This was determined from table 1 using the 
deviation listed in column five corresponding to each dial setting. For 
example, a deviation of 0.015° at an attenuation value of 25 db 


corresponds to approximately 0.019 db. 


The measured values of attenuation listed in column two of 
figure l are plotted in figure 2 showing deviation in attenuation from 
nominal versus dial setting in decibels. Again, using table l, the 
attenuation error in decibels for the average of the estimated vane- 
angle errors in degrees (0.095°) is determined for each of the seven 
settings of the attenuator. This attenuation error can also be obtained 
by adding column three plus column six. These results are listed in 
column seven of figure 1 and are used to plot the smooth curve in the 
upper portion of figure 2. The lower portion of figure 2 is a plot of 


thevyalucs listed yinecoluman ‘sixlot tiem nem. 
SA) ID SIAL MAVEN EMAL EG IsseelOis 


Table 1 also may be used to determine the resettability or 
Operator error caused by setting the dial hair line on onessidetonmerme 
other of the scale marking. Let us assume that a dial setting to the 
left of the scale marking decreases the attenuation approximately 
0.1 db and that a dial setting to the right of the same scale marking 
increases the attenuation approximately 0.1 db at a scale marking of 
40 db. The table indicates that a deviation in attenuation of approxi- 
mately + 0.1 db at an attenuation value of 40 db corresponds to a vane - 
angle error of + 0.033°. The curves in figure 3 show the limits of 
attenuation error caused by a vane angle error of + 0. 033° over a 
range of 0) to 40 db. Lhepoints for these curves were detemmamed 


using table 1. 
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The calculations for table 1 were programmed for an electronic 
computer by B. C. Yates of the Microwave Calibration Services 
Section. The author wishes to express his appreciation to B. C. Yates 


and R. E. Larson for their suggestions and helpful discussions. 
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Figure 2. Graphs of deviation in attenuation from nominal versus dial 
setting in decibels in vane-angle error of -0.095° and 
+0. 095° correction. 
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Figure 3. Graph of deviation in attenuation from nominal versus dial 
setting in decibels with a resettability error in vane-angle 
setting of + 0. 033°. 
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_ THE NATIONAL BUREAU OF STANDARDS 


‘The scope of activities of the National Bureau of Standards at its major laboratories in Washington, D.C., and 
— . . . . . Cp ae . . . 

‘Boulder, Colorado, is suggested in the following listing of the divisions and sections engaged in technical work. 
“In general, each section carries aut specialized research, develarnents and engineeringj in the field indicated by 
‘its title. A brief description of the activities, and of the resultant publications, appears on the inside of the 
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WASHINGTON, D.C. 


Electricity. Resistance and Reactance. Electrochemistry. Electrical Instruments. Magnetic Measurements 
Dielectrics. High Voltage. 

Metrology. Photometry and Colorimetry. Refractometry. Photographic Research. Length. Engineering Metrology. 
Mass and Scale. Volumetry and Densimetry. 

Heat. Temperature Physics. Heat Measurements. Cryogenic Physics. Equation of State. Statistical Physics. 
_ Radiation Physics. X-ray. Radioactivity. Radiation Theory. High Energy Radiation. Radiological Equipment. 
_ Nucleonic Instrumentation. Neutron Physics. 

_ Analytical and Inorganic Chemistry. Pure Substances. Re tN aah Solution Chemistry. Standard Refer- 
aie Materials. Applied Analytical Research. Crystal Chemistry. 

ee cuatice. Sound. Pressure and Vacuum. Fluid Mechanics. Engineering Mechanics. Rheology. Combustion 
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Polymers. Macromolecules: Synthesis and Structure. Polymer Chemistry. Polymer Physics. Polymer Charac- 
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erations Research. 
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_ Cryogenic Engineering Laboratory. Cryogenic Equipment. Cryogenic Processes. Properties of Materials. Cryo- 
genic Technical Services. 
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